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International Research Center for Elements Science
– Organic Main Group Chemistry –
Scope of Research
Our research focuses on the development of new molecular transformations 
to improve or achieve ideal synthesis of functional molecules as well as to allow 
exploitation of new chemical (metal and carbon) resources. The present research 
subjects are: 1) metal-catalyzed carbon–carbon and carbon–heteroatom bond–
forming reactions using universal metals such as iron; 2) development of smart 
materials based on the synergistic effect of various metals on artificial peptides; 
3) development of smart metallic nanoparticle catalysts based on supramolecu-
lar approaches; and 4) understanding of reaction mechanism of these catalytic 
reactions with the help of quantum chemical methods and synchrotron X-ray 
absorption spectroscopy.
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Topics
Iron-catalyzed Enantioselective Cross-Cou-
pling Reactions of Alkyl Halides with Aryl 
Grignard Reagents
Transition-metal-catalyzed enantioselective cross-cou-
pling reactions are powerful tools in the asymmetric 
synthesis of functional chiral molecules. Recently, we 
developed the first iron-catalyzed enantioselective 
cross-coupling reaction. The present reaction provides easy 
access to a variety of chiral α-aryl esters, which are easily 
converted to important pharmaceutical compounds such as 
ibuprofen and naproxen.
Characterization of Solution-phase Organ-
oiron Catalyst by Synchrotron X-ray 
Absorption Spectroscopy
In the past few decades, iron catalysts have regained 
much attention in cross-coupling chemistry due to their 
unprecedented reactivity and practical advantages. 
However, understanding of their mechanisms remains lim-
ited because characterization of organoiron intermediates 
has been hampered by their paramagnetic character and 
instability toward air and moisture. Recently, we discovered 
in situ XAFS analysis to be a feasible method to character-
ize iron intermediates in solution. The methods would also 
provide valuable mechanistic insight for a variety of transi-
tion-metal catalyses as well as iron catalysis. Now, we are 
trying to clarify the mechanism of several metal-catalyzed 
reactions by XAFS analysis to investigate effective cata-
lysts and novel reactions.
 
Supramolecular Approach for Creating 
Enhanced Catalysis of Metallic Nanoparticles
This project focuses on the development of highly active 
and selective metallic nanoparticle and cluster catalysts. To 
achieve this purpose, four key methodologies have been 
developed: 1) creation of reaction field with advanced 
self-assembly, 2) design of selective molecular transfor-
mation with multi-point intermolecular interaction, 3) 
size-selective synthesis of metallic nanoparticles and clus-
ters, and 4) utilization of plasmonic resonance with light.
Figure 1. Iron-catalyzed enantioselective cross-coupling reaction of α-chlo-
roesters with aryl Grignard reagents.
Figure 2. Reaction mechanism of iron-catalyzed KTC-coupling of an aryl-
magnesium halide with an alkylhalide and the Fe K-edge XAFS spectra of 
organoiron intermediates.
